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THURSDAY, JANUARY 12, 1882 


CLERK MAXWELL'S “ELECTRICITY AND 
MAGNETISM” 

A Treatise on Electricity and Magnetism. By James 

Clerk Maxwell. Second Edition. (Oxford: At the 

Clarendon Press, 1881.) 

An Elementary Treatise on Electricity. By James Clerk 

Maxwell. Edited by William Garnett, M.A. (Oxford: 

At the Clarendon Press, 1881.) 

HESE volumes have a melancholy interest for the 
student of electrical science, inasmuch as they are 
the unfinished work of one of its great masters. The 
printing of the second edition of the larger work had 
reached the second half of the first volume when it was 
interrupted by the premature death of the author. Up 
to this point considerable modifications have been intro¬ 
duced into the work; but the rest is merely a reprint 
under the superintendence of Mr. W, D. Niven, of Trinity 
College, Cambridge. 

We shall allude by and by to these alterations in the 
earlier part of the new edition ; but it may not be without 
interest to the readers of Nature briefly to review the 
progress of electrical science during the eight years that 
have elapsed since the publication of the first edition, 
and to trace the influence of the work therein. 

Clerk Maxwell appeared avowedly as the mathematical 
expositor of Faraday; in this he was the pupil and fol¬ 
lower of Sir William Thomson. The electrical papers 
of the last, reprinted the year before Maxwell's work 
appeared, reach some of them as far back as 1842 ; and 
in the earliest of them he occupies himself with the trans¬ 
lation of Faraday’s ideas into the ordinary language of 
Mathematical Physics. He shows that his translation 
leads to a theory in no wise contradictory of the received 
theory of action at a distance, so far at least as this theory 
merely exhibits the facts of observation ; but to a theory 
in some respects more comprehensive, inasmuch as certain 
experimental facts find a much more natural explanation 
in it than in the older and more prevalent one. It may 
be asserted, without fear of contradiction, that Sir William 
Thomson was the first who thoroughly understood and 
clearly expounded Faraday. Abroad his methods and 
conceptions were decried as vague and, although sugges¬ 
tive and worthy of notice, as the machinery that had been 
used by a man of genius, yet devoid of accurate founda¬ 
tion. 1 At home the loose way in which Faraday’s methods 
and terms had been used, or more properly speaking, 
abused by many, gave but too specious a confirmation of 
the justice of this criticism. 

What Thomson began Maxwell continued, and in a 
sense completed. In his work we have the first syste¬ 
matic exposition of Faraday’s theory of a dielectric medium 
applied to all the main phenomena of electricity. 

He shows, for the first time, that all the ordinary 
phenomena of electrical action and reaction can be ex¬ 
plained by the thoroughly legitimate physical hypothesis 

1 If the reader wishes to see how much Maxwell's work has done to 
popularise Faraday’s ideas abroad, let him consult the electrical papers that 
have- appeared of recent years in Wiedemann's Annaien, or read the em¬ 
phatic testimony of Helmholtz, given at the commencement of the Faraday 
lecture. See Jour. Chem, Soc., June, 1881. 
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of stresses in the medium of having a static or a kinetic 
origin, as the case may be. 

Had this innovation been a mere matter of the trans¬ 
formation of surface into volume integrals (as may still 
seem perhaps to some who are mathematicians by birth, 
and physicists by application only), it would not be 
necessary to dwell on it in these pages. But it was far 
more. To the old theory of action at a distance, in so 
far as it assigned the mathematical laws of certain of the 
observed facts, there could be no sort of objection. Its 
success in this respect is scarcely rivalled by that of the 
corresponding artifice in celestial dynamics. 

But the theory of action at a distance was not, and 
never could be, a dynamical explanation of electrical 
phenomena. It may be true that we know little of what 
occurs in the medium between electrified conductors ; 
but we are not likely to extend our knowledge by adopting 
a theory which begins by directing us to divert our atten¬ 
tion altogether from the very field in 'which a dynamical 
explanation must be sought. This strong argument 
against it is supported by the still stronger, that, notwith¬ 
standing the admirable accuracy -with which the old 
theory explains a large body of facts, there are still other 
facts, continually increasing in number, of which it gives 
no explanation whatever, if indeed they do not flatly 
contradict it. 

The medium theory was therefore a first and necessary 
step towards a dynamical theory of electricity. It begins 
by divesting the facts of all hypothetical raiment, and 
expressing them in language appropriate to themselves, 
suggesting nothing but what Nature has indicated, indi¬ 
cating nothing that Nature has denied, supposing as- 
little as may be where nothing has been revealed. Above 
all banishing from the catalogue of physical conceptions 
the imponderable electrical fluids that have worked such 
mischief in indolent minds, and poisoned electrical litera¬ 
ture so long. 

Moreover the old theory, although it was a weapon of 
wonderful power in the hands of expert mathematicians, 
was difficult of translation into even technical verbal ex¬ 
pression. It was inflexible and unwieldy when applied in 
general explanation, and in the universally occurring cases 
where approximate estimation is all that is necessary or 
desirable. In one sense therefore Maxwell’s treatise was 
a popularisation of the theory of electricity. By this we 
do not mean that Faraday’s method of lines of force 
brings the subject to the level of a mind untrained in the 
handling of accurate ideas, but simply that it often renders 
the profound and laboriously acquired skill of the mathe¬ 
matical expert unnecessary. In the highest sense, viz. that 
of an accurate thinker, Faraday himself was, as has been 
often said, a great mathematician ; although he was so 
little of a mathematical expert, that he once expresses his 
obligation to one who had calculated the tangents of some 
galvanometer deflections for him. And yet complaints 
have often been made of the obscurity of Clerk Maxwell’s 
work. Certainly it is not easy reading; but the difficulties 
are always to be found where Nature has herself set 
them; they arise simply because the author refuses to 
put a bridge over the gap presented by experience. Such 
complaints come alike from the mathematician in search 
of an ideal logical completeness, and ever impatient of 
facts that do not fit with his preconception; and from 
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those whose powers of generalisation do not carry them 
far enough to put them above regarding the small details 
of experiment as the ultimate end of science. For both 
classes there are lessons in Maxwell’s pages. 

Another most important feature of the work under 
review is that it is in the strictest sense a Treatise on 
Electrical Measurement. It looks at electrical actions 
almost exclusively as measurable; it does not profess to 
be a complete experimental treatise of all electrical 
phenomena qualitatively or quantitatively observed. In 
this respect it is a continuation of the labours of its 
author in conjunction with the rest of the distinguished 
band of electricians who formed the Committee of the 
British Association on Electrical Measurements. Max¬ 
well’s work is in many parts, particularly in the second 
volume, a development of the methods employed by this 
Committee. Many of the electrical measurements there 
described had, when the volumes were first published, 
been actually carried out only by the author himself or by 
very few beside; but now the great majority of them have 
become the commonplaces of a physical laboratory. 

The effect on practice of the work thus consummated 
in Maxwell’s Treatise has been, both directly and indi¬ 
rectly, enormous. The extension of technical applications 
has been immensely facilitated by the introduction of 
definite units. Instead of the old vague, unscientific, and 
still more, unbusinesslike statements of quantity and in¬ 
tensity, we have the precise ideas of electromotive force, 
resistance, current, and so on, measured in their respective 
units, the volt, the ohm, the ampfcre, &c.; and now elec¬ 
trical commodities can be bought and sold by rule and 
measure, as heretofore cloth, coals, or horse-power. And 
yet we have noticed a tendency now and then in technical 
journals, on the part of men of practice, evidently ignorant 
of the history of the science they apply, to depreciate 
unduly the services of their theoretical brethren. One 
would have thought that in electrical science, beyond all 
others, where the mutual obligation is so great and so 
equally balanced, the folly of either the man of theory or 
the man of practice attempting to minimise the services 
of his fellow worker would have been evident. 

The seal has been set to the work of the B.A. Com¬ 
mittee by the Congress of Electricians which met last 
autumn in Paris, by the adoption of the B.A. units as 
the basis of an international system. To this result 
Maxwell’s treatise has powerfully contributed, but it 
would be little in the spirit of its author to boast of this 
as a national, much less as his personal triumph ; it is 
more fitting to remind the readers of Nature that in the 
work thus consummated the English electricians were 
the followers of Gauss and Weber, and, more remotely, 
the disciples of Coulomb, Poisson and Ampere, so that 
they have simply acted up to the motto of all true scien¬ 
tific men, Xa/j-wadia c^oircs SiaSwcrovoiv uXXijXotr ; they have 
but passed the torch from hand to hand. 

The electromagnetic theory of light formed a fitting 
crown to the first edition of Maxwell’s Electricity. It 
was left by its author in the form of a general sketch, 
carried just so far as was necessary for comparison with 
experiment. Concerning the progress of this theory 
during the last eight years much might be said, and it is 
greatly to be regretted that we have not before us what 
Maxwell himself would undoubtedly have said, had he 


lived to superintend the publication of the second volume 
of his work. It has formed the basis, as every good 
physical theory should, for a large number of further re¬ 
searches, both theoretical and experimental. We need 
only mention the work of Helmholtz, Boltzmann, Rayleigh, 
Silow, Hopkinson, Fitzgerald, Glazebrook, J. J. Thomson, 
and many others. The theory has not proved, and its 
author certainly never expected it to prove, a framework 
ready made with appropriated pigeon-holes, into which 
would naturally fall every electrical fact to be discovered 
in all time coming ; but it has proved itself, so far, the 
best theory with anything like a physical basis that has 
been proposed to explain the facts with which it deals. 
The more it has been worked out, the more it has been 
found to explain in a natural way the known phenomena 
of electricity and light; and it does not appear to have 
been shown as yet that there is any observed fact that 
may not ultimately be reconciled with it, either by farther 
development of the theory, or by deeper probing of the 
experimental results. This is really all that could be 
expected when we reflect that, much as we know about 
electricity, there is an infinity yet unknown. 

We have now to allude briefly to the changes that have 
been made in the second edition. 

In the introductory chapter we are glad to see that few 
changes have been made ; we need, therefore, only 
recommend our readers to peruse it again, as perhaps the 
most admirable thing of the kind that has been written in 
any language ; we direct their attention more particularly 
to the distinctions drawn between electricity, force, and 
energy, of which some of our scientific men seem strangely 
oblivious, and to the admirable remarks on the two fluid 
theory. We must at the same time warn the student as 
to a radical change that has been introduced into the 
terminology of the subject. lie is aware that at every 
point of the electric field there is conceived a directed 
quantity', which in the former edition of this work was 
called resultant electric force, or the electromotive force 
at the point, according as it was regarded from the pon- 
deromotive or electromotive point of view, and he is also 
aware that the electromotive force at a point was a very 
different thing from the electromotive force between two 
points, the latter being in point of fact of different dimen¬ 
sions. It was always difficult, even for those who clearly 
understood the distinction, to avoid occasionally using 
the one term where the other was appropriate. Most 
probably from a feeling of this difficulty, our author 
has substituted for the two first of these terms 
resultant electric intensity and electromotive intensity 
respectively, wisely leaving the old established terms 
electromotive force between two points with its ori¬ 
ginal meaning, although in point of fact it involves 
an abuse of the word Force. We could have wished the 
danger of confusion still more effectively barred by drop¬ 
ping the word “ electromotive ” in the first case altogether; 
but a more serious objection to this change is, that the 
author evidently intended, from his foot-note on p. 72— 

“ The electric and magnetic intensity correspond in 
electricity and magnetism to the intensity of gravity, com¬ 
monly called^ in the theory of heavy bodies,” 

to have made a corresponding change of terminology in 
the case of magnetism; whereas on turning to the second 
volume we find intensity of magnetisation used in its old 
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sense, and (resultant) magnetic force used in the sense 
in which magnetic intensity occurs in the above note, 
and, what is worse, in place of electric intensity or 
electromotive intensity we find on, p. 239, “ electromotive 
force,” and on p. 244, “ electromotive force at a point ” 
used >in its place. This result of the interruption of the 
issue of the new edition is unfortunate, for it renders the 
confusion of terms greater than ever, and affords a kind 
of cover to those who excuse or justify the inaccuracy of 
their own ideas by appealing to the terminological incon¬ 
sistencies of standard works. Yet we can scarcely blame 
the editor, for it is a very delicate matter to interfere with 
another’s work, even in points like this. 

The want of definiteness in electrical terminology 
makes itself felt in the definition of the electric strength 
of a dielectric ; thus we find, on p, 51— 

“The value of the electromotive force which can exist 
in a dielectric without a discharge taking place, is called 
the electric strength of the dielectric.” 

And again on p. 54 

“The intensity of the electromotive force when this 
takes place is a measure of what we may call the electric 
strength of the dielectric.” 

Assuming for a moment that any accurate definition of 
electric strength can be given, which at present, experi¬ 
mentally speaking, is open to doubt ; or, which comes to 
the same thing, taking, as Maxwell probably means us 
to do, an ideal case, the second of these definitions is 
right, if we understand by intensity of the electromotive 
force resultant electric intensity, or electromotive inten¬ 
sity, as previously defined ; while the first, strictly read, 
i.e. taking electromotive force to mean the electromotive 
force between two points, is clearly wrong; for, if it were 
right, a spark would always pass between two conductors 
in the same medium when the difference of potential 
between them is the same, no matter what their form or 
surroundings, which is well known to be untrue. 

In this connection we may mention that the account 
formerly given of Thomson’s classical experiments on the 
electric strength of air no longer finds a place in Art. 57. 
N o doubt the author had intended to describe them later 
on along with what has been done of late in the same 
direction; but no mention of them occurs, except a cursory 
one in Art. J9 ; yet we are still referred in Art. 369 to Art. 
57 for the account which is no longer there. It is a pity 
that a footnote was not inserted referring the reader to 
the reprint of Thomson’s papers. 

In Chapter II. we may note, as new, an interesting 
account of Cavendish’s experiment, on which, mainly, we 
may now rest the evidence for the elementary law of 
electrostatic action; a simplification of the treatment of 
the variation of the potential at charged surfaces ; farther 
direct application of the theory of lines of force in proving 
electrical theorems of considerable interest and gene¬ 
rality ; and a clearer explanation than was formerly given 
of the distinction between the real electrification accord¬ 
ing to the medium theory and the apparent electrification 
which may be used to represent it, if we abstract the 
specific inductive capacity of the dielectric. 

Chapter III. has been in great part rewritten, and seve¬ 
ral very interesting and practically useful calculations of 
the approximate values of coefficients of induction and 
potential have been added. In Chapter IV., which con¬ 


tains the general theory of electrical equilibrium, the 
changes have been greater still; the result has been, on 
the whole, we think, considerable simplification ; it would 
appear, however, from the way in which the chapter ends, 
that the author had contemplated some farther additions. 
Chapter IX. has also been greatly modified ; in particular 
the problem of two spheres has been worked out in great 
detail, and series given to a high degree of approximation 
for the coefficients of induction and potential. 

The rest of the work is practically a reprint from the 
former edition, and calls for little remark. We may, 
however, call the attention of our readers to Art. 261, the 
ideas and notation of which will, we believe, be found 
discordant with the best modem chemical views. 1 The 
editor has very properly appended a note to Art. 357, call¬ 
ing attention to Mr. Lodge’s exposure of the fundamental 
defect of Mance’s method (in the Philosophical Magazine 
for 1877, not 1857, as the reference is printed). Mr, 
Lodge’s remarks are, so far as we know, the first published 
allusion to the matter, but the defect in question was well 
known to Prof. Clerk Maxwell, for it was discussed with 
him by the present writer some time before the above 
date. It used to be not uncommon to set over-confident 
students in the Cavendish Laboratory the problem of 
measuring the internal resistance of a battery, and then 
to explain to them the reason of the hopelessly indefinite 
character of the results obtained under certain circum¬ 
stances by Mance’s method. Notwithstanding Mr. Lodge’s 
remarks, one sees, even in the most recent text-books, 
this method confidently cited as apparently irreproach¬ 
able. 2 So tenacious is scientific error ! Another correc¬ 
tion we may mention—the interlacing circuits in Art. 421 

are now' so arranged that the integral / fn ds da vanishes. 

Before taking leave of the work, we have to express the 
gratitude which the scientific public owes to its editor, Mr. 
Niven. 1 1 has been our duty to indicate some points in 
which there might have been improvement, and we have 
said little as to what has been actually done by Mr. 
Niven. It is but justice to him, therefore, to add that we 
went over the new edition, and compared it with our copy 
of the first edition, and we found that in almost every 
case the errors we had noted were corrected, while ex¬ 
planations had been inserted at many of the places where 
we had found them necessary. The labour involved in 
doing all this will be best understood by those who are 
perfectly familiar with the whole of Maxwell’s great work, 
and all such will know how to appreciate the conscientious 
labour -which Mr. Niven has so unostentatiously bestowed 
on the editing of this edition. 

The regret one feels that Prof. Maxw'ell did not live to 
complete his work is much increased when we read the 
elementary treatise. In the earlier parts it is charac¬ 
terised by that originality, freshness, and exemplary 
clearness familiar to the readers of his Heat. Chapters 
I, and II. reproduce with more ample experimental detail 
the admirable introduction to the larger work. Chapter 
III. gives the mathematical theory of electrical work and 
energy in a form accessible to students of moderate mathe¬ 
matical acquirements, although such need not expect to 

1 This applies also to the corresponding passage in the elementary work. 

s It is unfortunate that Mr. Garnett should have transferred the description 
of Mance’s method to the Elementary Treatise, without correcting or alluding 
to the error it contains. 
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find it easy reading. Chapter IV., on the exploration of 1 
the electric field is perhaps the most interesting in the 
book ; its contents will be familiar to those who heard 
the lectures of its author, but much of it is new to the 
scientific public. Chapter V. contains the theory of 
Faraday’s lines of electric induction, and here for the i 
first time the reader begins to feel that the matter must 
have been left in a' state more or less unfit for publica¬ 
tion. The text reads more like a series of disjointed notes 
than a coherent treatise, and the admirable simplicity 
and symmetry of treatment which characterises the 
earlier part of the work is lost. Still, what we have is of 
great interest, and will be invaluable to a good teacher in 
giving him hints how to arrange an elementary exposition 
of Faraday’s theory. Chapters VI., VII., and VIII. are 
more complete, and will be very useful in giving to begtn. 
ners in electricity some idea of the applications of the 
mathematical theory ; Chapter VIII., on capacity, is one 
likely to be particularly useful, as it deals with one of the 
fundamental ideas in electrical measurement. We re¬ 
commend it all the more, as we have seen the term capa¬ 
city both ill defined and loosely applied in recent treatises. 
Chapters IX. and X., fragmentary as they are, are full of 
interest to those who have studied the larger work ; for 
they throw much light upon many points concerning 
which the author had formerly but briefly indicated his 
opinion. We may mention more particularly his remarks 
on the vexed question of contact electromotive force ; 
also, as new, and specially interesting, the experiments on 
the insulating power of air and other gases, Art. 138, et 
seq. 

The rest of the book is a series of extracts from the 
larger work, concerning the utility of which, in their 
present form and arrangement, there will be difference of 
opinion. 

In the interest of the author’s reputation it might 
have been better to have published simply what he had 
left in MSS. in a more confessedly fragmentary form. 
If, however, the additions that have been made will 
secure the use of the treatise by elementary teachers, we 
shall rejoice; for some of the manuals which they use 
are not remarkable either for scientific method or for the 
extent and accuracy of their information ; in fact the 
study of many of them, far from introducing the learner to 
the science of electricity, is simply a waste of his time. 

G. ClIRYSTAL 


OUR BOOK SHELF 

The Zoological Record for 1880 ; being vol. xvii. of the 
Record of Zoological Literature. Edited by E. C. Rye, 
F.Z.S. (London : John Van Voorst, 1881,) 

We heartily congratulate the editor on his praiseworthy 
success in publishing, this important Record of Zoological 
Literature for 1880 before the termination of 1881. it is 
the first time, as the editor himself reminds us, that this 
event has taken place since 1870, and now we trust it will 
be once more the usual plan. So far as we have been 
able, by looking here and there throughout the volume, 
to ascertain, this expedition has not been at the expense 
of accuracy ; and as to incompleteness, any omissions are 
very easily supplied in the next volume The Recorders \ 
are nearly the same as for 1879, Mr- G. A. Boulenger 
taking the place of the late Mr. O’ Shaughnessy, and re¬ 
porting on the reptiles, batrachians, and fishes. Mr. W. 
,\. Forbes gives us an admirable report on the mammals. 
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This and Mr. Howard Saunders’ report on the birds leave 
little to be desired in either the arrangement of the 
matter or in the terseness and yet clearness of the notices. 
The latter Recorder adopts 1 -'. L. Sclater’s systematic 
ariangeinent as laid down in the important paper by Dr. 
Sclater “ On the Present State of the Systema Avium.” 
The mollusca and molluscoida are reported on by Prof. 
Ed. von Martens, who also gives the record of the 
Crustacea. These we venture to regard as the model 
reports of the volume. After a pretty full list of the 
publications relating to the group recorded, we find a list 
of the special journals and manuals relating to the class. 
Then under the heading of Anatomy and Physiology, we 
find most interesting summaries of the additions made to 
a knowledge of the genera! morphology, muscular system 
and movement, shell formation, digestion, excretion and 
secretion, nervous system, organs of sense, of generation, 
embryology, abnormities, and even on the action of 
poisons. After this some details of the geographical 
distribution, and of the recently-described forms. The 
amount of labour spent over this most useful grouping 
of details on the part of the recorder is great, but the 
reader reaps from it an immense benefit. The literature 
of the arachnida is recorded by Rev. O. P. Cambridge, 
with the assistance of Mr. F. M. Campbell. To Mr. 
Kirby falls the larger share of the Record of the insecta ; 
indeed all the orders save the neuroptera and orthoptera, 
which fall to Mr. McLachlan’s share are reviewed by him. 
The vermes and echinoderms are recorded by Prof. Bell ; 
the hydrozoa and ccelenterata by Mr. A. G. Bourne ; the 
anthozoa by Mr. S. J. Hickson ; while the literature of 
sponges and protozoa is recorded by Mr. Stuart O. 
Ridley. From a summary appended by the editor we 
find that this volume contains a record of no less than 
1008 new genera and sub-genera, described as follows:—- 


Mammalia . ... 

34 

Ayes. 

16 

Reptilia . .. 

21 

Pisces . 

3 « 

Mollusca and Molluscoida 

79 

Crustacea., . 

80 

Aracluiida . • 

78 


Myriopoda 

. 2 

Insecta . 

. 438 

Vermes . 

. 28 

Echinodermata 

. 24 

Coelenterata ... 

. 70 

Spongiida... 

. SI 

Protozoa. 

. 56 


a goodly number, going even beyond the average of most 
years. 


Land tend Leute in der brasilianischen Provinz Bahia. 

Streifzuge von Julius Naeher. (Leipsig : Gustav Weigel, 

1882.) 

The author essays, in a small volume of not quite 300 
pages, to write a Guide to the Province of Bahia. Starting 
from Hamburg he steamed, via Lisbon, the Canary and 
Cape de Verd Islands, to Brazil, and he asserts that hefound 
the steamers on this route excellent. The details of all the 
other routes from Europe are, however, also given. As 
the work is the result of the author’s own observation, it 
only describes a small part of the Brazils. It affords a 
graphic insight into the tropical vegetation of the country, 
and gives many details as to the sugar plantations. The 
social life he did not find to differ much from that de¬ 
scribed in the older books of travel; only the Indians 
and the wild beasts were less numerous and troublesome. 
In Bahia about one-fifth of the population belonged to 
the white race, while about one-half were pure negroes, 
and the rest were half-castes. While the author does not 
profess to give a scientific description of the products of 
this province, he still has evidently paid a good deal of 
attention to the fruits and other produce of the colony, 
and in many cases gives statistics as to the present 
value of these. The gradual abolition of slavery is 
beginning to hamper the cultivation of sugar, and the 
great question of the day will no doubt soon be, How is 
the agriculture of the country, to which so much of the 
wealth of the country is at present due, to be kept up 
when slave labour comes to an end ? 
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